NMDA receptor couples Rac1-GEF Tiam1 to direct oligodendrocyte precursor cell migration.
Oligodendrocyte precursor cells (OPCs) originate from restricted regions of the brain and migrate into the developing white matter, where they differentiate into oligodendrocytes and myelinate axons in the central nervous system (CNS). The molecular mechanisms that orchestrate these long distance trips of OPCs to populate throughout the CNS are poorly understood. Emerging evidence has argued the expression of N-methyl-d-aspartic acid (NMDA) receptors (NMDARs) in oligodendrocyte lineage cells in vivo, but their physiological function remains elusive. We have previously demonstrated the expression and function of NMDARs in OPC differentiation and myelination/remyelination. Here, we show that NMDARs stimulation promotes OPC migration both by chemotaxis and chemokinesis as demonstrated by various cell migration systems including Boyden transwell, single cell, matrix-gel cell mass, and SVZ tissue explants assays. The pro-migration effect of NMDAR can be abolished by either pharmacological inhibition or shRNA knock down of the T lymphoma invasion and metastasis 1 (Tiam1), a Rac1 guanine nucleotide exchange factor (Rac1-GEF) which is coexpressed and interacts with NMDAR in OPCs. Moreover, NMDAR stimulation evokes cascade activation of the Tiam1/Rac1/ERK signaling pathway which mediates its effect on OPC migration. We also show that glutamate released from cultured cortical neuron promotes OPCs migration via NMDAR, and that antagonism of NMDAR or inhibition of Tiam1 blocks the endogenous glutamate-induced OPCs migration from SVZ to cortical plate in the embryonic brain slice culture. Thus, our result suggests a critical role of NMDAR in regulation of OPCs migration during CNS development by coupling to and activating the Tiam1/Rac1 pathway.